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Abstract

Some 80 year-old original drawings of intrauterine embryos, neonates and pouch young of marsupials
by A. CRONIN are presented which belong to the Hill Collection, Utrecht, but were never published.
They comprise 11 drawings of the brush-tailed phalanger Trichosurus vulpecula, eight drawings of the
koala Phascolarctos cinerens, two drawings of the common vombat Vombatus ursinus and one drawing
of the red-necked pademelon Thylogale thetis. The external morphology of the early developmental
stages of these specimens is compared with the inner morphogenesis of some organs, particularly of
the fore-limb, shoulder girdle and sternal apparatus. Functional and evolutionary correlations are
discussed.

Past and present of the Hill Collection

James PETER HILL was born on the 21st of February 1873 at Kennoway in Scotland. In
1889 Hirr entered the University of Edinburgh to study Science. In 1892, although he had
not yet graduated, he was appointed Demonstrator of Zoology and Botany at the Biology
Department of Sydney University, Australia. Once there, he started to collect all kinds of
animals for his courses and his own research; this marks the beginning of his collection.
After his graduation to B. Sc. in 1898 Hirr stayed in Australia until 1906, when he
returned to England to become Professor of Zoology at the University College of London.
In 1921 he was appointed Professor of Embryology and Histology at the same College. He
retired in 1938 but continued his scientific work until his death on the 24th of May, 1954.

Hirvr’s bibliography comprises 58 papers, the greater part of which particularly deals
with the early development of marsupials and monotremes, in which he took a special
interest. His research had one central theme, which he expressed as follows: “the data of
embryology, properly interpreted, can and do furnish striking and demonstrative evidence
of genetic relationships™ (HiLr 1932). An important part of his collection was assembled
during his Australian period. In later years it was extended with species from Africa and
South America, particularly by means of purchases, the bills of which are still to be found
among the original Hirr documents. Hirr also personally collected material during
expeditions, e.g. in Brasil in 1913. Although all classes of vertebrates are represented in his
collection, the great majority of species belongs to the mammalian orders of the mono-
tremes, marsupials and primates.

At the time of his death HiLL’s collection was partly in his own residence and partly at
the London University. The fear that careless use and neglect would sooner or later entail
the loss of the collection prompted Dr. CaTHERINE J. HiLr, Hirr’s daughter and herself an
embryologist, to find ways to prevent this. Dr. P. D. N1euwkoop, who was at that time
Director of the Hubrecht Laboratory, agreed to house the collection in the Hubrecht
Laboratory on the condition that it would be completely catalogued. The Hubrecht
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Laboratory already possessed another large embryological collection, assembled by Pro-
fessor A. A. W. HusrecHT (1853-1915) mainly in the Indonesian Archipelago. It took
Dr. HiLL ten years to catalogue her father’s collection. After she had completed this work,
the collection was transferred to the Hubrecht Laboratory in 1967.

The Central Embryological Collection is still subdivided into two separate entities, the
Hill Collection and the Hubrecht Collection. It consists of material stored in alcohol and
in paraffin (ca. 2000 flasks), of microscopical slides (ca. 80 000), and of original catalogues,
note-books, drawings, photographs and other documents. The material pertains to the
normal development of more than 600 vertebrates species. In addition some special
collections related to experimental-morphological investigations have been incorporated,
e.g. the collections of SPEMANN, MaNGOLD, RoTMAN, RAVEN and GRUNEBERG (collection
of mouse mutants). All this material is expressly available for morphological, descriptive
and comparative embryological investigations. A concise catalogue of the Central Embry-
ological Collection has been edited by Dr. E. C. BoTERENBROOD (1977). A copy of this
catalogue is available from Dr. G. C. BancMa, Curator of the collection.

Currently an increasing number of scientists use the collection for such studies. In this
respect it is noteworthy that in 1911 both HusrecHT and HirL stood at the birth of the
Institut International d’Embryologie, now called the International Society of Develop-
mental Biologists (ISDB). It is satisfactory to see that after so many years the collections of
these noted embryologists still serve the original aims of this Society and even provide new
inspiration to present-day embryologists.

Drawings of marsupial embryos by A. Cronin

Apart from the written entries, the notebooks of J. P. HiLL contain some photographs and
many simple drawings of marsupial embryos, neonates and pouch young. However, only
a few of these have actually been used in J. P. HiLL’s publications, for example simple
outline drawings of Perameles nasuta (HiLL 1898) and Thylacis obesolus (HirLL 1901). A
simple outline drawing of Dasyurus quoll was published, simultanously showing the

Fig. 1. Brush-tailed phalanger Trichosurus vulpecula, intrauterine embryos. 1: MS 253, 5 mm 2,
2: MS 250, 5.0 mm
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Fig. 2. Brush-tailed phalanger Trichosurus vulpecula, intrauterine embryos. 1: MS 257, 7.5 mm, 2: MS
259, 6.0 mm, 3: MS 257 ?, 7.5 mm, 4: MS 265, 8.5 mm, 5: MS 269, 10.25 mm, 6: MS 273, 11.5 mm, 7:
MS 283, 14.0 mm, 8: neonate MS 286, 15.0 mm, 9: neonate MS 289, 15.0 mm
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arrangement of the foetal membranes (HiLr 1900). A number of very simplified drawings
of intrauterine embryos, neonates and pouch young of Trichosurus vulpecula are contained
in the work of Fraser and HirL (1915).

The only publication containing complete and detailed illustrations of the external
shape of neonates and pouch young is the publication of Hirr and Osman HiLL (1955) on
Dasyurus guoll. Obviously the authors were aware of the unusually good quality of these
illustrations, because they wrote: “The beautifully executed pencil drawings of the pouch
young . . . were made by Mr. A. CRONIN of Sydney.” However, it must be said that the
reproductions in the quoted paper are not satisfactory, and that many delicacies were lost
due to high-contrast printing. This is shown by comparison with the original drawings, 17
altogether, which are in the Hill Collection.

There are also other pencil drawings by A. CRoNIN in the Hill Collection, which to our
knowledge have never been published. In reference to the Marsupialia there are some
drawings of the ovary, the uterus, the foetal membranes and the placental structures and
some additional drawings of complete intrauterine embryos, neonates and pouch young.
Besides the 17 original drawings of the eastern dasyure Dasyurus quoll, mentioned above,
there are 11 drawings of the brush-tailed phalanger Trichosurus vulpecula, two drawings of
the koala Phascolarctos cinereus, eight drawings of the common vombat Vombatus ursinus
and one drawing of the red-necked pademelon Thylogale thetis. Only a few drawings bear
a signature. Nevertheless, their distinctiveness leaves no doubt that all of them were drawn
by A. CroniN. The years of their production are uncertain, because they bear no date.
However, we may assume that it must have been around the turn of the century, when
J. P. HiLL was in Australia collecting the embryological material. This assumption is also
supported by the following note, taken from the publication of Hirr and Osman Hrirr
(1955): ““. .. The material at our disposal was collected by one of us (J. P. H.) . .. during
the years 1895-1905, when he was Demonstrator of Biology in the University of Sydney.”
Additionally, some of the drawings bear handwritten notes by J. P. Hirr with annual dates
between 1897 till 1902. Also going by the condition of the drawing paper one would Judge
their age to be between 80 and 90 years. The pencil drawings, measuring only 5-15 cm in
length, have been carried out in a minute pencil-technique which reveals many details. The
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Fig. 3. Koala Phascolarctos cinereus, intrauterine embryos. 1: MS 346, 7.5 mm, 2: MS 347, 9.0 mm
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Fig. 4. Koala Phascolarctos cinereus, intrauterine embryos. 1: MS 345, 4.5 mm, right lateral, 2: left
lateral view, 3: MS 348, 11.0 mm, 4: MS 350, 13.5 mm, 5: MS 351, 17.0 mm, 6: MS 352, 18.0 mm

appearance of the objects indicates that the drawings were made from fresh material or
immediately after fixation. As most objects are very tiny i.e. about 5-15 mm long, there is
no doubt that they had to be drawn with the aid of a magnifying glass or a microscope.
The drawings of marsupial embryos, neonates and pouch young by A. CrRoNIN show a
high degree of technical perfection and at the same time attest to the high artistic level of
the artist. It is regrettable that they have not been published after their completion and
therefore have remained without significance for science. Not only would they have
enriched the store of knowledge at that time, they would also have been superior to the
then technically imperfect photography. If we publish the drawings today, about 80 to 90
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years after they were made, it is not for historical reasons only. They are in their way still
much more instructive than some of the recent, technically sophisticated photographs.
Additionally, there are not many published usefull depictions of marsupial embryonic
stages and therefore we consider it appropriate to present the drawings to a larger public.

The most important reason for the publication of the drawings however, is that they
depict individuals of which we have extensive series of microscopical slides. The drawings
allow a comparison between the histological results and the exact rendering of the external
morphology of the individuals examined. In this paper we attempt such a comparison with
regard to the morphogenesis of the sternal-shoulder apparatus. This topic is treated in
more detail in another contribution as well (Krima, submitted).

External morphology of the intrauterine embryos, neonates and pouch young
of marsupials

Compared with the placentals, marsupials are born in a quite unusual condition. On the
one hand they may be characterized as immature embryos, while on the other hand they
are endowed with some highly specialized features. This led some authors to the convic-
tion that they reflect genuine larval stages (LEcHE 1890). However, this opinion gained
little approval. In any case marsuplals at the time of birth are true embryos, anatomlcally
and physiologically. All species of marsupials give birth of tiny young, ranging in weight
from 10 mg to about 750 mg. An individual neonate always has less then 0.2% of the
mother’s body weight (1 % for the litter as a whole). Placentals in contrast are relatively
much larger at brith, with individual neonates in small species comprising 2-3 % of the
mother’s body weight (20 % or more for the litter).” (Quoted from LiLLEGRAVEN 1984,
slightly changed with statements from Brock 1964; TYNDALE-Biscoe 1973; EISENBERG
1981; MirLrLar 1981; RusseL 1982.)

The most important features of marsupial neonates were summarized by Hirr and
Osman Hivrr (1955) in their investigation on Dasyurus as follows: “Notable at birth are 1.
the relatively advanced state of the fore-limbs, 2. the presence of deciduous claws upon the
manual digits and their later replacement by definitive claws, 3. the presence of the oral
shield as a specialisation upon the muzzle, 4. the unique cervical swelling, 5. special
features of the tongue and larynx, with the intranarial epiglottis, 6. the reptilian state of the
lungs, 7. the advanced condition of the stomach and duodenum compared with the gut, 8.
the state of development of brain and sense organs, the olfactory parts being especially
forward in development, together with those parts of the nervous system necessary for
controlling the movements of the fore-limb, sucking and respiratory movements, 9. the
indifferent state of the gonads.”

Many of these characteristics must, with no doubt be regarded as special adaptations to
the unusual process of parturition in marsupials. Thus, despite its small size and immature
developmental state the neonate has to achieve a remarkable performance at birth. ““The life
of the pouch young is a hazardous one, beginning with the long journey into the pouch on
day 1. This blind and naked creature must grasp and crawl its way from the vagina to the
marsupium, an average distance of 5 cm (in Didelphis), with no help from the mother other
than the prebirth preparation which consists of licking and cleaning the genital and pouch
area and the removal of the amnionic membranes™ (Hunsacker 1977). In this process the
neonate’s fore-limbs play a decisive role. Compared with the body and the hind-limbs they
are overproportionately large (Figs. 1-5). They are provided with pointed claws. They
move alternately and by doing so drag the body in a wriggling manner together with the
passively hanging minute hind-limbs. The whole distance from the vulva to the teat in the
mother’s pouch is managed solely through the power of the fore-limbs. The body as well
as the hind-limbs behave passive in the process.
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A rapid development of the anterior body half and the fore-limbs, respectively, may be
detected even in the earliest developmental stages (Trichosurus Fig. 1: 1, 2; Phascolarctos
Figs. 3: 1, 2 and 4: 1, 2; Vombatus Fig. 5: 1). Basically it is possible to observe a certain
developmental predominance of the fore-limbs over the hind-limbs in the developmental
process of all mammals. However, this is nowhere as pronounced as in the marsupials.

At birth the fore-limbs perform some kind of crawling movement (HarTMaN 1920;
McCrapy 1938; Hirr and Osman Hirr 1955; and others). This requires a powerful
musculature and a solid skeletal support. Both have been demonstrated by the histological
investigations. Among the muscle-groups this holds mainly for the pectoral musculature
(CHENG 1955). The skeleton of the shoulder girdle forms a broad breast-shoulder arch,
which requires a large space between the fore-limbs. This indeed corresponds to the
external shape of both the late intrauterine embryos and the neonates. Between the fore-
limbs a broad chestwall extends, which is sometimes well padded with a distinct muscle
bulge. The distance between the fore-limbs is significantly large as is easily observed from
the front in both intrauterine embryos and neonates (Trichosurus Fig. 2: 7, 9; Phascolarctos
Fig. 4: 5, 6; Vombatus Fig. 5: 2). The bases of the extremities are located in the lateral
trunk area. This lateral trunk position is typical reptilian. Most certainly it is advantageous
for the crawling movements. The extremities will shift their positions from lateral to
medial only postnatally in the pouch young, after the breast-shoulder arch has been
reduced. Gradually they come to show the characteristically narrow “mammalian posi-
tion” under the trunk.

The fore-limb digits are provided with sharp, bent claws. There are not yet definitive

Fig. 5. Common vombat Vombatus ursinus, intrauterine embryos. 1: MS 360, 9.0 mm, 2: MS 361,
15.5 mm. 3: Red-necked pademelon Thylogale thetis, intrauterine embryo MS 408, 17.0 mm
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organs, but only provisional, non-permanent structures, which are usually termed “larval
claws” (HiLL 1900) or “deciduous claws” (HiLL and Osman Hirr 1955). They develop in
late stages of intrauterine embryos and reach their maximum development at the neonate
state (Trichosurus Fig. 2: 7, 8, 9; Phascolarctos Fig. 4: 5, 6; Vombatus Fig. 5: 2; Thylogale
Fig. 5: 3). In the pouch young they are initially reduced and later replaced by definitive
claws. Their organic function is clear, namely to keep a firm hold in the mother’s
abdominal hair during the crawling movements at birth (BarTon 1806; OweNn 1841;
Bearp 1897; HiLr 1898, 1900, 1910, 1918; HarT™MAN 1920, 1923, 1928, 1952; LANGWOR-
THY 1928; McCrapy 1938; HiLL and Osman HiLL 1955; a.a.).

The transitional appearance of claws during the short time period around birth reveals
obvious parallels with the temporary appearance of the breast-shoulder arch. This is also a
provisional structure, which comes into bemg in the late stages of intrauterine development
and reaches its maximum development in the neonate, to be reduced immediately after
birth. Both structures belong to the same adaptive system which allows typical marsupial
birth in all its special aspects.

Early development of the shoulder girdle and sternal apparatus in marsupials

During marsupial embryogenesis the following structures can be recognized in the
shoulder girdle and sternal apparatus: the scapula, the metacoracoid, the procoracoid, the
first rib, the paired sternal elements, the unpaired sternal element and the clavicle. All these
elements together form a compact, uninterrupted arch in both, intrauterine embryos and
neonates. Immediately after birth, this arch is reduced in the pouch young. Then the solid
connection between the left and right body halves ceases to exist, leaving only a loose
connection via the clavicle. The metacoracoid becomes the processus coracoideus scapulae.
The procoracoid becomes the praeclavium. The unpaired sternal element fuses with the
paired ones into the uniform sternal manubrium. The first rib takes its usual position in the
thorax. Thus the shoulder girdle and sternal apparatus as a whole show all the typical
features of the adult marsupials as early as in the pouch young.

The embryonic shoulder gu’dle and sternal apparatus of the marsuplals show strong
similarities with the conditions in primitive monotremes. However, in the pouch young
and in adult marsupials they generally reflect the conditions in the phylogenetically
progressive placentals (cf. BRoom 1897, 1899, 1902, 1912; WaTsoN 1917; Hanson 1920;
RoMmEer 1922; McCrabpy 1938; CHENG 1955; McKEeNNA 1961; Krima 1968, 1973, 1975,
1985).

The phylogenetically determined condition of the shoulder girdle and sternal apparatus
during embryogenesis as a relatively primitive structure consisting of many elements is
used functionally. In nearly all of the investigated marsupials the reduction of existing
elements is delayed until after birth (Dasyurus, Trichosurus, Phascolarctos, Vombatus,
Petrogale, Thylogale, Wallabia, Macropus). The only exceptions are the peramelids Thy-
lacis and Perameles (KLiMaA, submitted). Accordingly, the neonates posses a solid arch,
running straight from one side of the body to the other. This breast-shoulder arch serves
many tasks: 1. Some of its parts, particularly scapula and sternum, offer an attachment
surface for the mighty musculature which moves the fore-limbs. 2. In its extensive glenoid
cavity, which is formed by the scapula and the metacoracoid, the enormous humerus head
is solidly anchored. 3. Its medial parts, the sternum, the first rib and the metacoracoid,
form a pressure-resistant structure that prevents the humeri from shifting medially when
the huge pectoralis musculature contracts.

The morphogenesis of the shoulder girdle and sternal apparatus in marsupials takes
place in the following manner: the paired structures initially originate in the lateral body
wall and later slowly shift medially towards each other. Shortly before they reach the
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Fig. 6. Ventral view of the shoulder girdle and sternal apparatus. 1: Brush-tailed phalanger Trichosurus

vulpecula, intrauterine embryo 12.0 mm, 2: intrauterine embryo shortly before birth 13.0 mm, 3:

pouch young 17.5 mm. 4: Koala Phascolarctos cinerens, intrauterine embryo 12.25 mm, 5: neonate

16.5 mm, 6: pouch young 24.0 mm. Abbrev.: a = acromion; cl = clavicle; g= glenoid cavity;

icc = unpaired  sternal element; mc = metacoracoid; pc = procoracoid;  pcl = praeclavium;
pes = coracoid processus; ry 23 = ribs; s = scapula; st = sternum; stl = paired sternal element

medial plane, an unpaired structure is generated between them. It is indeed the initally
unpaired chondral element of the interclavicle of ancestral forms which in the marsupials
and placentals becomes the unpaired sternal element (KLima 1973, 1985). In the final stages
of intrauterine development this process is readily visible insofar as the paired structures
start to merge with the unpaired ones in the medial plane (Trichosurus Fig. 6: 1;
Phascolarctos Fig. 6: 4). In due course the continually merging elements give rise to the
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above mentioned continuous breast-shoulder arch. This reaches its maximum development
in the intrauterine embryos and neonates immediately before and at birth (Trichosurus Fig.
6: 2; Phascolarctos Fig. 6: 5). Immediately after birth the metacoracoid begins to reduce,
the sternum and first rib decrease in size, and the breast-shoulder arch is dissolved.

So even in the youngest pouch young there is no longer any solid connection of the
body halves in the area of the shoulder girdle and sternal apparatus (Trichosurus Fig. 6: 3;
Phascolarctos Fig. 6: 6). The fast reduction of the breast-shoulder arch is related to the
further course of ontogenesis. While the pouch young develops further in the pouch its
fore-limbs are barely used. Along with this decreasing functional significance, the initially
overproportional size is reduced and the proportions will gradually change in favour of the
hind-limbs (SHARMAN and PirToN 1964).
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Zusammenfassung

Unwerdffentlichte Zeichnungen von Marsupialia-Embryonen aus der Hill-Sammlung
und einige Probleme der Ontogenese von Marsupialia

Bisher unpublizierte Originalzeichnungen von intrauterinen Embryonen, Neugeborenen und Beutel-
jungen von Marsupialia aus der Hill-Sammlung in Utrecht sind vorgestellt worden. Es handelt sich um
etwa 80 bis 90 Jahre alte Bleistiftzeichnungen, Werke von A. CroNIN aus Sydney. Es sind 11
Zeichnungen von Fuchskusu (Trichosurus wvulpecula), 8 Zeichnungen von Koala (Phascolarctos
cinerens), 2 Zeichnungen von Nacktnasenwombat (Vombatus ursinus) und 1 Zeichnung von Rothals-
filander (Thylogale thetis). Die externe Morphologie dieser frithen Entwicklungsstadien ist verglichen
worden mit der inneren Morphogenese einiger Organe, insbesondere der vorderen Extremitit, des
Schultergiirtels und des Brustbeins. Funktionelle und evolutive Zusammenhinge werden diskutiert.

Literature

BARTON, B. S. (1806): Facts, observations and conjectures relative to the generation of the Opossum
of North America. In a letter . . . to Mons. Roume of Paris. Philadelphia: T. and G. Palmer 1806.
Reprinted in Annals of Philosophy, Vol. VI, 349-354, 1923 (cited after Hirr and Osman Hirr
1955).

BEARD, ]. (1897): The birth-period of Trichosurus vulpecula. Zool. Jb. (Abt. Anat.) 2, 77-96.

Brock, M. (1964): The blood forming tissues and blood of the newborn opossum (Didelphis
virginiana). 1. Normal development through about the one-hundredth day of life. Ergeb. Anat.
Entwickgesch. 37, 237-366.

Borerensroop, E. C. (1977): Concise catalogue of the central embryological collection of the
Hubrecht Laboratory. Issued by Hubrecht Laboratory, Utrecht, Netherlands.

Broowm, R. (1897): On the existence of a sterno-coracoidal articulation in a foetal marsupial. J. Anat.
Phys. 31, 513-515.

— (1899): On the development and morphology of the marsupial shoulder girdle. Trans. Roy. Soc.
Edinb. 39, 749-770.

— (1902): On the early condition of the soulder-girdle in the polyprotodont marsupials Dasyzxrus and
Perameles. J. Linn. Soc. Zool. 28, 449454,

— (1912): The morphology of the coracoid. Anat. Anz. 41, 625-631.

Cueng, Cze-CHING (1955): The development of the shoulder region of the opossum, Didelphis
virginiana, with special reference to musculature. J. Morph. 97, 415-471.

EISENBERG, . F. (1981): The Mammalian Radiations: An analysis of trends in evolution, adaption,
and behavior. Chicago: Univ. Chicago Press.

FRASER, E. A.; HiLt, ]. P. (1915): The development of the thymus, epithelial bodies and thyroid in the
Marsupialia. Part I. Trichosurus vulpecula. Phil. Trans. (B) 207, 1-85.

Hanson, F. B. (1920): The problem of the coracoid. Anat. Rec. 19, 327-345.

HarT™MAN, C. G. (1920): Studies in the development of the opossum Didelphys virginiana L. V. The
phenomena of parturition. Anat. Rec. 19, 1-11.



Unpublished drawings of marsupial embryos 211

— (1923): Breeding habits, development and birth of the opossum. Rep. Smithson. Inst. Washington
for 1921, 347-363.

— (1928): The breeding season of the opossum (Didelphis virginiana) and the rate of intra-uterine and
postnatal development. J. Morph. Physiol. 46, 143-200.

— (1952): Possums. Austin: Univ. of Texas Press.

Hivt, J. P. (1898): The placentation of Perameles (Contributions to the embryology of the Marsupia-
lia, I). Quart. J. micr. Sci. N. S. 40, 385-446.

— (1900): On the Foetal Membranes, Placentation and Parturition of the Native Cat (Dasyurus
viverrinus). Anat. Anz. 18, 364-373.

— (1901): Contributions to the embryology of the Marsupialia. II. On a further stage in the
placentation of Perameles. II1. On Quart. ]. micr. Sci. 43, 1-22.

— (1910): Contributions to the embryology of the Marsupialia. IV. The early evelopment of the
Marsupialia, with special reference to the native cat (Dasyurus viverrinus). Quart. J. micr. Sci. 56,
1-134.

— (1918): Contributions to the embryology of the Marsupialia. V. Some observations on the early
development of Didelphis anrita. Quart. J. micr. Sci. 63, 91-139.

— (1932): The developmental history of vertebrates (Croonian Lecture). Philos. Trans. Royal Soc.
London, ser. B, 221, 45-178.

Hirt, J. P.; Hirr, W. C. OsmaN (1955): The growth-stages of the pouch-young of the Native Cat
(Dasyurus viverrinus) together with observations on the anatomy of the new-born young. Trans.
Zool. Soc. London 28, 349-425.

HuNsAKER, D. (1977): Ecology of New World Marsupials. In: The Biology of the Marsupials. Ed. by
D. Hunsaker. New York, San Francisco, London: Academic Press. 95-156.

Krima, M. (1968): Early development of the human sternum and the problem of homologization of
the so-called suprasternal structures. Acta anat. (Basel) 69, 473—484.

— (1973): Die Fruhentwicklung des Schultergiirtels und des Brustbeins bei den Monotremen
(Mammalia: Prototheria). Adv. Anat. Embryol. Cell. Biol. 47, 1-80.

— (1975): Ancestrale Rudimente in der Morphogenese des Manubrium sterni beim Menschen. Verh.
Anat. Ges. 69, 793-797.

— (1985): Development of shoulder girdle and sternum in mammals. In: Vertebrate Morphology.
Fortschritte der Zoologie, Bd. 30. Ed. by Duncker and FLeiscHER. Stuttgart, New York: G.
Fischer. 81-83.

— (submitted): Early development of the shoulder girdle and sternum in marsupials (Mammalia:
Metatheria). Adv. Anat. Embryol. Cell. Biol.

Lancworthy, O. R. (1928): The behaviour of pouch-young opossums correlated with the myeliniza-
tion of the tracts in the nervous system. J. comp. Neur. 46, 201-240.

Lecug, W. (1890): Zur Charakteristik der extra-uterinen Entwicklung der Beuteltiere. Verh. Biol.
Vereins, Stockh. 2, 112-116.

LILLEGRAVEN, ]. A. (1984): Why was there a “marsupial-placental dichotomy”’? In: Mammals: notes
for a short course. Organized by P. D. GingericH and C. E. BapcLey, Univ. of Tennessee,
Dept. of Geological Sci. Studies in Geology 8, 72-86.

— (1985): Use of the term “trophoblast” for tissues in therian mammals. J. Morph. 183, 293-299.

McCraby, E. Jr. (1938): The embryology of the Opossum. Amer. Anat. Mem. 16, 1-233.

McKEenNa, M. C. (1961): On the shoulder girdle of the Mammalian subclass Allotheria. Amer. Mus.
Novitates (New York) 2066, 1-27.

MILLAR, J. S. (1977): Adaptive features of mammalian reproduction. Evolution 31, 370-386.

OwEN, R. (1841): Article “Marsupialia”. In: Cyclopaedia of Anatomy and Physiology. Vol. 3. Ed. by
Topp. London, 1839-1847. (Cited after HiLL and Osman Hirr 1955).

RoMER, A. S. (1922): The comparison of mammalian and reptilian coracoids. Anat. Rec. 24, 39-47.

RusseLL, E. M. (1982a): Parental investment and desertion of young in marsupials. Am. Nat. 119,
744-748.

— (1982b): Patterns of parental care and parental investment in marsupials. Biol. Rev. 57, 423-486.

SHARMAN, G. B.; PiLTON, P. (1964): The life history and reproduction of the red kangaroo (Megaleia

“rufa). Proc. zool. Soc. Lond. 142, 29-48.

TynpaLE-Biscog, H. (1973): Life of Marsupials. New York. American Elsevier Publishing Comp.

Watson, D. M. S. (1917): The evolution of the tetrapod shoulder-girdle and fore-limb. J. Anat.
(Lond.) 52, 1-63.

Authors’ addresses: Prof. Dr. M. Krima, Institute of Anatomy, Johann-Wolfgang-Goethe-Univer-
sity, Theodor-Stern-Kai 7, D-6000 Frankfurt/M., Germany and Mrs. Dr. G. C.
BanGMa, Hubrecht Laboratory, International Embryological Institute, Uppsala-
laan 8, NL-3584 CT Utrecht, Netherlands



